Abstract. As a result of our statistical study of 540 edgeon galaxies, we present here the images and preliminary statistical analysis of a sub-sample of 60 galaxies, that were selected to be S-type warped spirals. Computing the average volumic density of galaxies from available redshift surveys, a first analysis suggests that warped galaxies are found in denser environments. Only the clearest and strongest warps have been extracted here, and therefore this sample of 60 objects gather the best candidates for future HI or optical works on galaxy warps.
Introduction
The majority of spiral galaxies have a warped plane, as has been revealed in the neutral gas extended component, through HI-21cm observations (e.g. Bosma 1981 , Briggs 1990 , and in a lesser extent through optical observations (Sanchez-Saavedra et al. 1990 , Reshetnikov & Combes 1998 . This dynamical feature raises the problem of its origin and maintenance, and the numerous mechanisms that have been proposed and explored have not yet given a definitive and satisfactory answer (e.g. the review by Binney 1992) .
Differential precession should be very quick to wrap up any warp perturbation even in the outer parts of the galaxies (Kahn & Woltjer 1959) , unless the potential is nearly spherical (Tubbs & Sanders 1979) . But most warps are observed while the disk is still a significant part of the potential, which cannot therfore be spherical. It has been shown that coherent bending modes cannot be sustained, since the oscillations spectrum is continuous, for realistic disks that have no sharp edges (Hunter & Toomre 1969) . Models then tried to consider a non-spherical dark halo, misaligned with the inner visible disk of the galaxy (Sparke 1984 , Sparke & Casertano 1988 Send offprint requests to: F. Combes (e-mail: bottaro@obspm.fr) jken 1995). However, these structures can only be transient, since the inner disk is bound to align with the dark halo (New et al. 1998 , Binney et al. 1998 . Alternatively, the warp could be the consequence of continuous accretion of gas with a slewed angular momentum, due to cosmic infall, as suggested by Ostriker & Binney (1989) and Binney (1992) . It is not excluded either that a large part of warps are due to interactions or mergers: the prototypical warped galaxy NGC 5907 (Sancisi 1976 ) that was long thought isolated, might have experienced a minor merger recently (Lequeux et al. 1998) , and is currently interacting with two dwarf companions (Shang et al. 1998) .
To progress about the puzzle of the origin of warps, it is important to have a sample of optically strongly warped galaxies, to perform new observations and statistical studies. Recently, we have presented a survey of optical warps in a sample of 540 galaxies, about 5 times larger than the previous samples (Reshetnikov & Combes 1998) . The galaxies were selected from the Flat Galaxy Catalogue of Karachentsev et al. (1993) (FGC) and we studied their optical images extracted from the Digitized Sky Surveys 1 . We identified three classes of galaxies, those without observable warps (30%), and those with U-shaped (37%) and S-shaped (33%) warps. We have considered the artefacts due to projection effects, that could be severe in nearly edge-on galaxies, when there are spiral arms or m = 2 perturbations. Through numerical simulations, it was found that the U-shape are more affected by projection effects, but that no more than 15% of S-shape warps could be geometrical artefacts. On the other hand, intrinsic warps could be missed through projection effects (but no more than 20%).
We therefore select a sample of 60 S-shape warped galaxies, the strongest and clearest among the 174 found. The selection is subjective, based on isophotal maps from the DSS. This sample should be a suitable material for future detailed HI and optical works on galaxy warps. (Karachentsev et al. 1993, FGCE) for the galaxies with large S-type warps. The sample is limited by coordinates 0.
The sample and statistics
The columns are as follows: galaxy FGCE, PGC and ESO number; right ascension and declination for the epoch 1950.0; B magnitude (NED 2 ); heliocentric radial velocity (NED); major and minor diameters measured on blue films (in arcmin); morphological type; warp angle ψ -angle measured from the galaxy centre, between the plane and average line from centre to tips of outer isophotes (see Reshetnikov & Combes 1998) ; position angle of average line passing through the tips of outer contour (measured from N to E) -P.A.; direction of warp: clockwise (+) or counterclockwise (-).
In the appendix, we present the DSS images of all galaxies (in the B J passband), rotated to horizontal. Fig. 1 presents the distribution of the sample galaxies according to warp angle ψ. The distribution is truncated for ψ ≤ 4 o since we selected only galaxies with clearest warps to avoid selection effects. The mean value of ψ is 4. o 8±1. o 3(σ) that is comparable with the amplitudes of optical warps found by Sanchez-Saavedra et al. (1990) , Reshetnikov (1995), and de Grijs (1997) . Dashed line in Fig.1 shows the ψ −5 law proposed by Reshetnikov & Combes (1998) to fit the observed distribution. A naive extrapolation of this law to ψ=0 o suggested that outer parts of all disk galaxies are warped with typical amplitudes of a few degrees.
In Fig. 2 we compare our measurements of the position angles of the sample galaxies with the FGCE data. The agreement is quite good. The mean difference is Figs. 3 that the projected spatial distribution of strongly warped galaxies and the distribution of their position angles are quite homogeneous (at least in the first order approximation). The large "void" in Figs.3 is due to absorption in the plane of Milky Way. Comparison of the distributions for the galaxies with S-shaped and U-shaped warps shows that both distributions are statistically undistinguishable. There is no evidence of any significant large-scale alignment effect.
The number of galaxies with clockwise warps (18) is smaller than counter-clockwise galaxies (42). But, within our relatively poor statistics, the difference is not significant (both numbers are consistent within 3σ). Fig. 3 . Distribution of the warped galaxies on the sky: top -S-shaped warps, bottom -U-shaped warps. Plots of declinations (in degrees) versus right ascension (hours). The position angles of the galaxies (P.A.) are indicated by dashes (the length of each dash is 12 o ). Thick dashes show galaxies with counter-clockwise warp, thin dashes -clockwise warps (for S-shape warped galaxies). Reshetnikov (1995) found that disks of more massive and luminous galaxies are somewhat less warped. Our present data do not show any significant correlation (see Fig. 4 ).
The environment
Among the warped objects, 10 galaxies are members of interacting systems. The relative fraction of interacting galaxies -17% -is higher than the analogous fraction -6% -for our complete sample of 540 galaxies (Reshetnikov & Combes 1998). The fraction of isolated galaxies (9 objects -15%) is smaller in the warped sample than in the control sample (25%) while the relative number of galaxies with companions (68%) is the same in both samples. This supports our conclusion that S-shaped warps are connected with galaxy environment (Reshetnikov & Combes 1998) . But this connection is not perfectly tight since there are warped galaxies among relatively isolated objects (an interpretation could be in terms of recent accretion).
To get more insight on the large-scale environment of warped galaxies, we have tried to compute the average density of galaxies around the S-shape warped population, Fig. 5 . Location of some of the FGCE galaxies (filled triangles) among the SSRS2 survey objects (dots). The left sector corresponds to warped galaxies and right to un-warped ones, between declinations -24 and -37
• . Right ascensions run from 0 to 5h, and the maximum distance is 250 Mpc (H 0 =75 km/s/Mpc). and compare it with a control sample. The control has been selected from the un-warped FGCE galaxies, with the condition that the asymmetry index along the minor axis is lower than 1.05 (cf Reshetnikov & Combes 1998) . We have used the Southern Sky Redshift Survey (SSRS2, da Costa et al 1998), where redshifts and magnitudes are reported for 5369 galaxies. Unfortunately, the redshifts are not known for all of the FGCE catalog, and we have only extracted from NED 15 redshifts for the warped sample, and 17 for the control (non-warped) galaxies. Some of them are plotted in Fig. 5 superposed on the SSRS2 points.
Around each object of our sample, we compute the average distance of the SSRS2 galaxies, given a search radius R s . This average distance d m is computed taking the luminosity of galaxies as weight. The mean density is then estimated as
where N gal is the total number of objects within R s . Taking a common weight for all galaxies only changes d m by 10% at most. The results obtained for the warped and control samples are displayed in Table 2 . The average density appears 3-4 times higher for the warped objects. This result has to be confirmed by more statistics, when the redshifts for the whole FGCE catalog are known. Table 2 . Average density around warped and non-warped galaxies Rs in Mpc 10 15 20 25 30 Warped galaxies 7.4E-2 4.2E-2 3.0E-2 1.6E-2 1.0E-2 Un-warped sample 1.2E-2 8.8E-3 7.3E-3 5.5E-3 4. 4E-3 Rs is the search radius, and the average densities are in gal Mpc −3
Conclusion
In the present note we describe a new sample of southern spiral galaxies demonstrating strong S-shape optical warps. The galaxies were selected on the basis of their optical images from the DSS. First statistics indicate that warped morphologies are found preferentially in rich environment, although this result must be confirmed from larger redshift surveys. The sample gives the largest available material for future works (optical and HI) on galaxy warps.
